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Abstract
We report on the basic properties of recently observed magnetic field resonance, induced time dependent oscillation, and 
hysteresis effects in the current flowing through two weakly coupled vertical quantum dots at high source-drain bias (up to a 
few tens of mV). These effects bare some similarity to those reported in the N=2 spin-blockade regime, usually for weak in-
plane magnetic field, of quantum dot molecules and attributed to hyperfine coupling, except here the measurements are 
conducted outside of the spin-blockade regime and the out-of-plane magnetic field is up to ~6 T.
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1. Introduction
Several intriguing effects, including current 
switching and hysteresis, and slow current 
oscillations or fluctuations on a long time scale
(seconds and minutes), all attributed to electron spin–
nuclear spin (hyperfine) coupling, have been reported 
in the low bias, low magnetic field (mostly below 1
T), two- or effective two-electron spin-blockade 
regime [1] for vertical double dots, lateral double 
dots, and InAs nanowire double dots [2-9]. Although 
at first sight hyperfine coupling appears potentially 
ruinous for quantum information applications 
involving III-V quantum dots, hyperfine effects have 
in fact turned out to be advantageous for recent key 
one- and two-qubit operations [5,7], and nuclear 
quantum memory has also been proposed [10]. The 
above mentioned experiments have led to many
interesting theoretical works [11-23], although 
several features remain to be fully explained.
We outline some basic properties of magnetic
(B-) field induced resonance, time dependent 
oscillation, and hysteresis effects we have seen in the 
current flowing through two vertically coupled 
vertical quantum dots at high source-drain bias (up 
to a few tens of mV and thus outside of the N=2 spin 
blockade regime), and high magnetic field (up ~6 T). 
2. Device Structure and Measurement Regime
The device is a sub-micron gated 
AlGaAs/InGaAs/AlGaAs/InGaAs/AlGaAs triple 
barrier structure for which the tunnel coupling 
between the two quantum dots is very weak (<0.1 
meV) [1]. Similar looking effects, due to hyperfine
coupling, have been reported in the low bias two-
electron spin-blockade regime of vertical double dots 
for B<1 T [2], and of lateral double dots for B<0.2 T
[4], when the B-field is applied parallel to the growth 
plane of the structure. The regime we study here is 
for high bias and higher B-field (usually in the range 
2of 1 to 6 T) applied perpendicular to the growth 
plane of the structure.  
3. Discussion
The 0 T differential conductance in the source 
drain bias voltage-gate voltage (Vsd-Vg) plane is 
given in Fig. 1. The resonance and hysteresis effects 
we observe in the DC current occur throughout a 
wide region, roughly but not exclusively inside the 
boxed region, on sweeping the B-field up and down. 
This region extends to high bias, and is away from 
the (shaded) chevron shaped region of suppressed 
current due to spin-blockade that lies to one side of 
the N=2 Coulomb blockade region [1]. 
Figure 2 shows typical up-sweep and down-
sweep traces at three different (high) source drain 
biases for a fixed gate voltage. The sweep rate is 125
mT/min so each up-down sweep takes ~1 hour. The 
up-sweep and down-sweep traces separately exhibit 
sharp current resonances (amplitude up to ~5 pA) and 
“steps”. There is also prominent hysteresis between 
up-sweep and down-sweep traces. The resonances 
and hysteresis are reproducible at fixed source drain 
bias, gate voltage, B-field sweep rate and temperature
(visible up to at least 4 K), and are pronounced 
between 1 and 6 T [24].
Up-sweep and down-sweep traces near one 
particular sharp (~25 mT wide) resonance at ~4 T are 
given in Fig. 3 (a). The sweep rate is a very slow ~2 
mT/min and the extent of the hysteresis between the 
up-trace and down-trace is 5-10 mT.  A 13 minute 
time segment trace in Fig. 3 (b) reveals quasi-
periodic multi-period current oscillations at one 
particular fixed B-field position within the resonance
with a strong long period component (~150 sec) and 
weaker shorter period components (few tens of 
seconds and shorter). The maximum amplitude of the 
oscillation is about 2.5 pA, whereas to the left and 
right of the resonance the current is “flat” with a 
noise-level of a few tens of fA.
The effects described have been seen in four 
different double dot devices. Although the exact 
details vary from device-to-device, the extent of the 
hysteresis in the position of corresponding features in 
the up-sweep and down-sweep traces is typically 
between a few tens of mT and a couple hundred mT 
for sweep rates respectively of 15 and 300 mT/min. 
Furthermore, "slow" current oscillations and 
fluctuations are generally observed on the timescale 
of seconds to many tens of seconds on entering the 
sharp (typically a few tens of mT or less wide) 
current resonances [24].
These observations suggest a hyperfine related 
origin [2,4] even though the effects occur well 
outside the low bias N=2 spin-blockade region. A 
model for hyperfine coupling in the complex non-
linear high bias regime, also requiring knowledge of 
B-field induced (orbital and Zeeman) crossings of 
N>2 double dot states, including dot-dot detuning, is 
currently lacking. Some clues may be present in 
recent experiments involving spin-blockade for 
(even) N>2 [8-9,25].
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Fig. 1 0 T differential conductance in the Vsd-Vg
plane. Black, grey, and white respectively 
corresponds to positive, zero, and negative 
conductance. The 1s-1s resonance occurs in the 
opposite bias direction to that of the boxed region of 
interest and not at zero bias because of energy 
mismatch between the two dots.
Fig. 2 Up-sweep (black) and down-sweep (green) 
traces at three different biases, and at gate voltage -
1.04 V. The sweep rate is 125 mT/min. For clarity,
the middle and lower trace pairs have been offset.
Fig. 3 (a) Up-sweep (black) and down-sweep (green) 
traces at a bias of -12 mV and gate voltage -1.22 V. 
This fixed (Vsd,Vg) point is marked with as asterisk in 
Fig. 1. The sweep rate is ~2 mT/min. (b) A 13 minute 
time segment trace of the current at the fixed B-field 
marked by the triangle in (a).
